Zeolites are natural or synthetic crystalline, microporous, aluminosilicate materials with well-defined structures and unique characteristics. Faujasite-type zeolites have been widely used in range of applications as ion exchangers, catalysts, and adsorbents due to their industrial importance.
Each unit cell has 8 supercages, 8 sodalite cavities, 16 D6Rs (32 S6Rs), 16 12-rings, and 32 single 6-rings (S6Rs). The exchangeable cations, which balance the negative charge of the zeolite Y framework, usually occupy some or all of the sites shown with Roman numerals in Figure 1 . The maximum occupancies at the cation sites I, I', II, II', and III in zeolite Y are 16, 32, 32, 32, and 48, respectively. Site III' in zeolite Y studied using space group Fd3m is a 192-fold position. Further description is available.
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The positions of the extraframework cations in zeolites directly affect the physical and chemical properties of zeolite. The cation sites depend on the distribution of surrounding Al atoms and the distortion of the zeolite framework. 6 Position and fractional occupation of cationic sites change with the Si/Al ratio in zeolite.
This work was done to investigate the distribution of Na + ions in fully dehydrated zeolite Y (Si/Al = 1.56) by singlecrystal synchrotron X-ray diffraction technique. Single-crystal synchrotron X-ray diffraction data were collected at 100(1) K using an Mar Research Gmbh mar345 image plate detector at Beamline 1W2B in Beijing Synchrotron Radiation Laboratory. The crystal evaluation and data collection were done using λ = 0.75000 Å radiation with a detector-to-crystal distance of 50 mm. Preliminary cell constants and an orientation matrix were determined from 72 sets of frames collected at scan intervals of 5 o with an exposure time of 1 second per frame. The basic scale file was prepared using the program HKL2000. 7 The reflections were successfully indexed by the automated indexing routine of the DENZO program. 7 The total reflections were harvested by collecting 72 sets of frames with 5 o scans and an exposure time of 1 second per frame. These highly redundant data sets were corrected for Lorentz and polarization effects, and (negligible) corrections for crystal decay were also applied. The cubic space group Fd3m was determined by the program XPREP. 8 The summary of the experimental and crystallographic data is presented in Table 1 .
Full-matrix least-squares refinement (SHELXL97) 9 was done on F o 2 using all data. Refinement was initiated with the atomic parameters of the framework atoms [(Si,Al) 10 Initial refinement was used anisotropic thermal parameters and converged to the high error indices (see Table 1 ). All shifts in the final cycles of refinement were less than 0.1% of their corresponding estimated standard deviations. The final error indices are given in Table 1 . Structural parameters, are given in Table 2 , and selected interatomic distances and angles are given in Table 3 .
The total 75 Na + ions have been found at five crystallographic sites within the unit cell in this structure: site I, I', II, The 2 Na + ions per unit cell at Na(I) lie at the center of D6Rs. Each Na + ion at site I coordinates at 2.778(3) Å from 6 framework oxygen of the D6R, O(3), which is much longer than the sum of the conventional ionic radii of Na 11 This distance is likely to be virtual; only two of the 16 D6Rs contain Na + ions; the actual distance is likely to be substantially shorter.
The 28 Na + ions per unit cell occupy at sites I'. This is 32-fold position, but it is not fully filled. To avoid the very short distances between sites I and I' (2.21 Å) where intercationic electrostatic repulsion should be severe, the two I' sites of a D6R should not be occupied if its site I is filled. Accordingly, there are only (16-2) × 2 = 28 I' sites available for cations. These are fully occupied by 28 ions at Na(I'). Each ; R1 and wR2 are calculated using only the reflections for which Fo > 4σ(Fo). b R1 and wR2 are calculated using all unique reflections measured. , where m is the number of unique reflections and s is the number of variables, respectively. (2) 1.6723 (9) O (1)
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+ ion at Na(I') lies inside of the sodalite cavity, 0.52 Å, from the plane of three O(3) framework oxygens of the D6Rs to which each is bonded. The Na(I')-O(3) distance is 2.265(3) Å, which is almost the same with the sum of the ionic radii of Na + and O 2− , 2.29 Å.
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The 32 Na + ions at Na(II) are found at site II in the supercage (see Figure 2) . Each is recessed ca. 0.71 Å into the supercage from the three O(2) oxygens plane of its S6R and coordinates to these three O(2) framework oxygens at 2.352(3) Å, indicative of a good fit considering their conventional ionic radii.
11 The O(2)-Na(II)-O(2) angle is 111.21 (8) o . The remaining 5 and 8 Na + ions at Na(III'a) and Na(III'b), respectively, are found at another two sites III' (see Figure 2 and Table 2 ). These Na radii. 11 However, these long distances were also seen in fully dehydrated Na 71 -Y.
12 This is attributed to the reduced aluminum content of zeolite Y, as compared to zeolite X, 13 which should lead to a smaller negative charge density for the zeolite framework, and therefore at each oxygen position.
This in turn should lead to longer Na-O distances.
The single-crystal structures of fully dehydrated Na 71 -Y (Si/Al = 1.69) 12 and Na 75 -Y(Si/Al = 1.56, this work) have shown that the sites I, I', and II are occupied with Na + ions and the remaining Na + ions are located at site III' in the supercage. When the structures of fully dehydrated Na 71 -Y
12
and Na 75 -Y are compared, it can be seen that there are some difference in the fractional distribution of Na + ions. Na + ions are found at two nonequivalent sites I' and II, respectively, in the structure of Na 71 -Y, 12 but there are no split at sites I' and II, respectively, in the structure of Na 75 -Y. It seems due to the Si-Al ordering within the zeolite framework by the increased Si/Al ratio. With an increasing Si/Al ratio, many nonequivalencies arise in local geometry.
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This affects the Na + ions distribution, which become more complex.
In the structure of Na 71 -Y, 12 the remaining Na + ions are located at two different sites III' in the supercage near triple 4-rings. These Na + ions bind strongly to only one oxygen atoms, O(1) or O(4). Unlike the structure of Na 71 -Y, Na + ions are found at two sites III' in the supercage in the structure of Na 75 -Y. One of them, at Na(III'a), is close to site III, near two O(4) and two O(1) oxygens. The other, at Na(III'b), is close to the side of the 12-ring, near one O(4) and two O(1) oxygens. This is attributed to the difference of the content of aluminum, resulting the density and distributions of negative charge through the framework between Na 71 -Y (Si/Al = 1.69) 12 and Na 75 -Y (Si/Al = 1.56).
Experimental Section
Large colorless single crystals of sodium zeolite Y, |Na 75 |-[Si 117 Al 75 O 384 ]-FAU (Si/Al = 1.56), with diameters up to 0.32 mm were prepared by Lim et al. 5 One of these was lodged in its own Pyrex capillary. Ion exchange was accomplished by flow method using 0.1 M aqueous NaCl solution (pH 8.80, Aldrich, 99.999%), was allowed to flow past the crystal for 3 days at 294 K. The resulting clear colorless crystal was dehydrated at 723 K and a dynamic vacuum of 1 × 10 −6 Torr for 2 days. It was then sealed in its capillary by torch and removed from the vacuum line. After dehydration, microscopic examination showed that crystal had become dark green.
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